Abstract-The choice of the most appropriate thermodynamic model for the prediction or calculation of thermodynamic properties is a crucial task. Consequently the present study deals with the determination of excess properties for refrigerant mixtures which are required for the calculation of the various involved enthalpies and hence the used refrigeration machine.
Introduction
The design of absorption refrigeration systems requires the knowledge of the enthalpy of the liquid and vapor phase mixtures as a function of temperature, pressure and concentration. However most of the liquid systems deviate from ideality and therefore the calculations of molar excess enthalpies are necessary. These are important thermodynamic properties are functions of the temperature and the composition of the considered solutions and do have an influence on the usual and necessary enthalpy-concentration diagrams, hence the thermodynamic calculation of the key operating parameters of an absorption cycle, i.e. the coefficient of performance (COP) and the circulation ratio with a possible variation of the order of 15% [1] .
Any vapor-liquid phase equilibrium calculations do involve the activity coefficient which is a measure of the deviation from ideality of the liquid system. Various models for the activity coefficient are available in the literature and most of them are based on the variation of the excess Gibb free energy gE with composition. They predict more or less depending on the type of the considered systems and hence the problem of the choice of the most appropriate thermodynamic model is not an easy task.
The present work can be regarded as a continuation of a previous one [2] where the binary system R124-DMAC was considered in an absorption refrigeration machine and the modeling of the performance and the recirculation ratio was carried out by means of the UNIFAC, which is based on the group contribution concept, as introduced by Fredenslund et al. [3] . The results obtained in [2] were not always in a reasonable agreement with experimental data and this may certainly be due to errors induced by the approximations upon which is based the group contribution concept, particularly the property additivity.
Therefore the aim of the present work is to show the influence of the chosen thermodynamic model on the performance of an absorption refrigeration machine, rather using the UNIQUAC model which is the precursor of UNIFAC and is based on molecular rather than group interaction parameters [4] .
II. Calculation procedure
The excess specific enthalpy of a binary liquid system can be regarded as the sum of the weighted contributions of the two components and expressed as follows:
with hr is the specific enthalpy of the refrigerant, ha the specific enthalpy of the absorbent and h E the excess specific enthalpy of mixing in [kJ/kg].
A. Excess thermodynamic properties
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Therefore the specific excess enthalpy h E may be expressed as:
B. Activity coefficient models
Various models for the calculations of the activity coefficients i are proposed in the literature.
Each one depends on the manner, the expression for the Gibbs energy gE is chosen.
The UNIQUAC and UNIFAC models were used to evaluate the activity coefficient i in the liquid phase.
C. UNIQUAC (Universal Quasi-chemical Activity coefficient) model
The coefficient of activity is made of two terms as [5] :
The first term is the combinatory and the second is the residual one and are given as follows:
Where ri and qi are the van der Waals molecular volume and surface parameters, respectively, z is the coordination number set equal to 10. ji is the energy parameter.
D. UNIFAC (UNIQUAC Functional Activity Coefficient)
model Similarly to the UNIQUAC, the UNIFAC is also made of two terms, combinatorial and residual as shown by Equation 5 .
The first term is the combinatorial which is expressed by Equation 6a and the second one is the residual and is expressed as:
Γ are the residual activity coefficients of group k in the mixture and in pure liquid i, respectively. 
III. Experimental excess enthalpy
Experimental excess enthalpy is expressed as a function of temperature and concentration for the R124-DMAC system as a polynomial function expressed as 
IV. Optimization of interaction parameters
The UNIQUAC and UNIFAC models were used for the determination of the activity coefficients of the constituents R124 (2-chlor-1.1.1.2-tetra-fluoroethane) and DMAC (N''-N'-dimethylacetamide) . For the UNIQUAC model the required interaction parameters are obtained using the experimental data available in the literature [1] , by minimizing the objective function F defined as follows:
With h E the excess enthalpy, the subscripts exp and calc.denoting experimental and calculated, respectively and N the number of experimental data points. The adopted minimization technique was based on the Nelder-Mead version Simplex method which is extensively described in details in the literature [6] .
For the UNIFAC model the group interaction parameters between the involved groups as well as the van der Waals volume and surface area parameters are available in the literature [7, 8] and are as shown in the following Table I . The decomposition into groups of the two considered constituents is as follows: 
V. Results
The UNIQUAC molecular interaction parameters obtained after minimization of the objective function described by Equation 12 shown in the following table: Fig1a-h show the excess enthalpy variations with the refrigerant (R124) molar fraction at different temperatures in terms of molar fraction for the R124-DMAC pair considered in [1] , the values of which are compared with the results obtained in the present work. From the previous figures, it can be seen that qualitatively both the UNIQUAC and the UNIFAC models led to similar shapes of the corresponding curves of hE versus the refrigerant molar fraction for R124-DMAC binary system. For R124-DMAC system, UNIQUAC and UNIFAC calculations reproduce correctly the experimental data although UNIQUAC values give always a better correlation Fig1a-h. Both models give acceptable results nevertheless UNIQUAC reproduces better the experimental data and can be used with more confidence to predict the activity coefficients, thus specific excess enthalpy.
VI. Conclusion
Through this optimization study it has been clearly shown that the group contribution concept based models like the UNIFAC for the activity coefficients have serious limitations as illustrated by the obtained results where the corresponding curves are far away from those of the experimental and the UNIQUAC which in turn were in an excellent agreement. Also the main result is that molecular interaction parameters become available for the considered sample system. With powerful minimization techniques like Simplex method, the obtained results are very reliable and can be used to perform computer experiments at will.
